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Abstract 
This study focuses on the production of acetaldehyde from ethanol by catalytic dehydrogenation using 
activated carbon catalysts derived from coffee ground residues and commercial activated carbon 
catalyst. For the synthesis of activated carbon catalysts, coffee ground residues were chemical 
activated with ZnCl2 (ratio 1:3) followed by different physical activation. All prepared catalysts were 
characterized with various techniques such as nitrogen physisorption (BET and BJH methods), 
scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), temperature pro-
grammed desorption (CO2-TPD and NH3-TPD), X-ray Diffraction (XRD), Fourier transform infrared 
spectrometer (FT-IR), and thermogravimetric analysis (TGA). The dehydrogenation of vaporized 
ethanol was performed to test the catalytic activity and product distribution. Testing catalytic activity 
by operated in a fixed-bed continuous flow micro-reactor at temperatures ranged from 250 to 400 °C. It 
was found that the AC-D catalyst (using calcination under carbon dioxide flow at 600 °C, 4 hours for 
physical activation) exhibited the highest catalytic activity, while all catalysts show high selectivity to 
acetaldehyde (more than 90%). Ethanol conversion apparently increased with increased reaction 
temperature. At 400 ºC, the AC-D catalyst gave the highest ethanol conversion of 47.9% and yielded 
46.8% of acetaldehyde. The highest activity obtained from AC-D catalyst can be related to both Lewis 
acidity and Lewis basicity because the dehydrogenation of ethanol uses both Lewis acid and Lewis 
basic sites for this reaction. To investigate the stability of catalyst, the AC-D catalyst showed quite 
constant ethanol conversion for 10 h. Therefore, the synthesized activated carbon from coffee ground 
residues is promising to be used in dehydrogenation of ethanol. Copyright © 2019 BCREC Group. All 
rights reserved 
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1. Introduction  
It is known that residues of coffee grounds 
obtained from soluble coffee industries, are nor-
mally discarded as waste, resold or reused as 
*Corresponding Author. 
  E-mail: bunjerd.j@chula.ac.th (B. Jongsomjit),  
  Telp: +66-22186874, Fax: +66-22186877  
Received: 2nd October 2018; Revised: 9th November 2018; Accepted: 25th November 2018;  
Available online: 30th April 2019; Published regularly: 1st August 2019 
body scrub, facial mask, fertilizer or odor-
eliminator. However, these coffee residues can 
be currently used as raw material to produce 
high value-added activated carbons. Activated 
carbons have been widely used in many applica-
tions, especially as absorbents because of their 
excellent absorption capability for inorganic pol-
lutants [1] and the removal of heavy metal from 
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waste water [2]. Besides, they can be used as a 
catalyst or a catalyst support in the catalytic 
process [3,4], etc. Therefore, the search for al-
ternative low-cost bio-based materials, as well 
as the appropriate processes for the prepara-
tion of activated carbons from these abundant 
resources, has become necessary [5,6]. The 
properties of activated carbons depend on the 
activation process and the nature of the source 
materials. Moreover, in both physical and 
chemical activation processes, knowledge of dif-
ferent variables is very important in developing 
the porosity of the carbons such as surface ar-
ea, pore volumes, and porosity [1,7].  
In general, the ways to prepare activated 
carbons can be divided into two types; physical 
activation and chemical activation. In the phys-
ical activation, a raw material is first carbon-
ized, and then the carbonized material is acti-
vated by steam, carbon dioxide, air or their 
mixture. In the chemical activation, a raw ma-
terial is impregnated with an activation agent, 
and then the impregnated material is heated 
under inert atmosphere. The carbonization step 
and activation step are carried out concurrently 
in the chemical activation process. Neverthe-
less, sometime the ways for preparing an acti-
vated carbon is modified (such as: chemical ac-
tivation followed by physical activation) to im-
prove characteristics of activated carbon 
(surface area and pore volume) [7,8]. This 
method occurs at lower temperature than that 
of physical methods. Therefore, it improves the 
pore development in the carbon structure. 
Types of chemical agent are selected to alter 
the characteristics of the desired activated car-
bon.  
Previously, Almansa et al. [9] reported that 
ZnCl2 gave both wide micropores and low meso-
pores. Chemical activation with ZnCl2 has been 
studied by several researchers [8-10] using dif-
ferent preparation conditions.  It is evident 
that the total coffee consumption in Thailand 
has been increasing every year during the past 
15 years. In 2016, approximately 50,000-60,000 
tons of coffee have been produced [11]. As a re-
sult, coffee residues are considered to be uti-
lized efficiently.  Previously, only a few re-
searchers [12-15] used coffee ground residue as 
precursor for activated carbons. Mostly, they 
prepared the activated carbons using chemical 
activation with ZnCl2, H3PO4, and KOH, and 
physical activation with N2 and CO2. In addi-
tion, Maraisa et al. [16] prepared activated car-
bons from coffee husk using chemical activation 
with ZnCl2 and physical activation with N2. 
The activated carbons obtained exhibited very 
high surface area larger than 890 m2/g indicat-
ing that the coffee residue could be an economi-
cally promising material. 
Ethanol can be used as fuel and fuel addi-
tive, but it is also very convincing as a platform 
chemical for the production of value-added 
chemicals, which are attractively growing con-
cern in the last decade. It can be used as a re-
newable feedstock for both drop-in chemicals, 
such as: ethylene, diethyl ether, and               
1,3-butadiene, as well as the production of oxy-
genated chemicals, such as: 1-butanol, ethyl ac-
etate, acetic acid, acetaldehyde and ketone, be-
cause the process is relative simple, non-
corrosive, green technology, less toxic, and al-
ways needs only one feedstock of ethanol. De-
hydrogenation and dehydration of alcohol, 
which are catalyzed by carbon material have 
not been frequently studied. For ethanol, it can 
be converted into acetaldehyde via dehydro-
genation reaction, which is one of important 
raw materials in production of chemicals 
(acetic acid, acetic anhydride, n-butanol, and 2-
ethylhexanol) [17]. The commercial production 
processes of acetaldehyde include dehydro-
genation and oxidation of ethanol, the hydra-
tion of acetylene, the partial oxidation of hy-
drocarbons, and direct oxidation of ethylene. 
With the ever-growing of the world output of 
bioethanol, the production of acetaldehyde via 
dehydrogenation has been gradually consid-
ered as appropriate process [18]. The proper-
ties of catalysts, which are used to catalyze in 
ethanol reaction, have a great influence on the 
pathway mechanism leading to  the desired 
products. For example, ethanol can be dehy-
drated into ethylene, diethyl ether using solid 
acid catalysts [19]. In addition, oxygenated 
chemicals, such as: acetaldehyde, can be pro-
duced from ethanol by dehydrogenation reac-
tion with Lewis acid and basic catalysts [20]. 
In this present study, we firstly examine the 
characteristics of activated carbon produced 
from coffee ground residues from the soluble 
coffee cafe. This aims to determine the effects 
of different physical treatments and various ac-
tivation times on the activated carbon proper-
ties including surface area and pore structures, 
crystal structure, acidity, basicity, and thermal 
properties, as well as morphological structures.  
Then, the activated carbons obtained were 
used as catalysts for dehydrogenation of etha-
nol to produce acetaldehyde. 
 
2. Materials and Methods  
2.1 Materials 
The coffee residues used as the raw materi-
al to produce the activated carbon in this study 
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were obtained from Starbucks Thailand. The 
chemicals used were as follows: zinc chloride 
(>98% ZnCl2; Aldrich), hydrochloric acid (37% 
HCl; QReC), distilled water, 99% nitrogen gas, 
and 99% carbon dioxide gas. 
 
2.2 Catalyst Preparation 
First, the coffee residue was washed with 
distilled water and dried at 110 °C for 24 h. Af-
ter cooling, the dried coffee residue was mixed 
with ZnCl2 with a mass ratio of coffee residue 
to ZnCl2 of 1:3 and dried in an oven at 110 °C 
for 24 h. The mixture was then activated under 
only CO2, N2 and N2 followed by CO2 atmos-
phere at 600 °C with a heating rate 10 °C/min. 
Once the activation temperature was reached, 
it was kept for 1 and 4 h before cooling the fur-
nace down to room temperature. Then, the 
samples were washed with 1 M HCl, and fol-
lowed several washed with distilled water. Fi-
nally, they were dried at 110 °C for 24 h. The 
activated carbon nomenclature are given as 
shown. AC-A was activated under only CO2 
flow for 4 h. AC-B was activated under only N2 
flow for 4 h. AC-C was heated under N2 and 
hold under CO2 for 1 h. AC-D was heated under 
N2 and hold under CO2 for 4 h. 
 
2.3 Catalyst Characterization 
The surface area, pore volume, and pore di-
ameter of the activated carbon were measured 
by N2 adsorption-desorption at liquid nitrogen 
temperature (-196 °C) using a Micromeritics 
ASAP 2020 analyzer. The surface area and 
pore distribution were calculated according to 
the BET and BJH methods, respectively. 
X-ray diffraction (XRD) was performed to 
determine crystalline structures of activated 
carbon and raw material using a Siemens D 
5000 X-ray diffractometer having Cu-K radia-
tion with Ni filter in the 2θ range of 20-80 with 
a resolution of 0.04.  
Scanning electron microscopy (SEM; JEOL 
model JSM-5800LV) and energy dispersive X-
ray spectroscopy (EDX) were used to determine 
the morphology and elemental distribution of 
catalysts. Model of SEM: JEOL mode JSM-
5800LV was used and EDX was performed us-
ing Link Isis Series 300 program. 
Temperature-programmed desorption of car-
bon dioxide (CO2-TPD) was performed  by using 
Micromeritics Chemisorp 2750 automated sys-
tem to study the basic properties. In the study, 
0.05 g of catalyst was packed in a U-tube 
quartz cell with 0.03 g of quartz wool and pre-
treated at 500 °C under helium flow rate 25 
cm3/min for 1 h. The catalyst sample was satu-
rated with CO2 at ambient temperature. Then, 
the catalyst surface was physisorbed by the He 
flow rate 25 cm3/min for 30 min. After that, the 
temperature-programmed desorption was car-
ried out from 40 °C to 800 °C at heating rate of 
10 °C/min. The amount of CO2 in effluent gas 
was analyzed via thermal conductivity detector 
(TCD) as a function of temperature. The total 
basicity was calculated from the relation of 
TCD and temperature from 40 °C to 550 °C. Af-
ter 550 °C, the TPD peak was only decomposi-
tion of catalyst as proven by the TGA result. 
Temperature-programmed desorption of 
ammonia (NH3-TPD) was performed  using Mi-
cromeritics Chemisorp 2750 automated system 
to study the basic properties. In the study, 0.05 
g of catalyst was packed in a U-tube quartz cell 
with 0.03 g of quartz wool and pretreated at 
500 °C under helium flow rate 25 cm3/min for 1 
h. The catalyst sample was saturated with NH3 
at ambient temperature. Then, the catalyst 
surface was physisorbed by the He flow rate 25 
cm3/min for 30 min. After that, the tempera-
ture programmed desorption was carried out 
from 40 °C to 800 °C at heating rate 10 °C/min. 
The amount of NH3 in effluent gas was ana-
lyzed via thermal conductivity detector (TCD) 
as a function of temperature. The total acidity 
was calculated from the relation of TCD and 
temperature from 40 °C to 550 °C. After 550 
°C, the TPD peak was only decomposition of 
catalyst as proven by the TGA result as also 
mentioned before. 
The Fourier transform infrared (FTIR) spec-
trometry was applied in the characterization of 
the functional groups of the activated carbon 
prepared. To obtain the observable absorption 
spectra, it was performed using Nicolet 6700 
FTIR spectrometer in the range of 400 to 4000 
cm-1. 
Thermogravimetric analysis (TGA) was per-
formed using an SDT Analyzer Model Q600 
from TA Instruments (USA). The TGA anal-
yses of the activated carbon were carried out 
from room temperature to 900 °C at a heating 
rate of 10 °C/min under nitrogen atmosphere 
at the flow rate of 100 mL/min. 
 
2.4 Catalytic Tests 
2.4.1 Temperature-programmed reaction 
The similar ethanol reaction system as re-
ported by Krutpijit and Jongsomjit [19] was 
used. The catalytic dehydrogenation of ethanol 
was performed in the fixed-bed continuous flow 
microreactor.  First, 0.05 g of catalyst and 0.01 
g of quartz wool bed were packed in the middle 
of glass tube reactor, which is located in the 
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electric furnace. Before the reaction was car-
ried out, catalyst was preheated at 200 °C for 
30 min in nitrogen to remove the moisture. The 
liquid ethanol was vaporized at 120 °C with ni-
trogen gas (60 mL/min) by controlled injection 
with a single syringe pump at a constant flow 
rate of ethanol at 1.45 mL/h. The gas stream 
was introduced to the reactor with the weight 
hourly space velocity (WHSV) of 22.9           geth-
anol.gcat-1.h-1 and the reaction was carried out at 
temperature range from 250 °C to 400 °C under 
atmospheric pressure. The gaseous products 
were analyzed by a Shimadzu (GC-14B) gas 
chromatograph with flame ionization detector 
(FID) using capillary column (DB-5) at 150 °C. 
Upon the reaction test, at least three times for 
each sampling were recorded. The average val-
ues for ethanol conversion and product distri-
bution as a function of temperature were re-
ported. 
 
2.4.2 Stability Test 
The experimental apparatus and set-up 
were similar with the temperature-
programmed reaction as mentioned above. The 
ethanol dehydrogenation temperature was kept 
at 400 °C. After pretreatment catalyst for 30 
min, the ethanol with WHSV of                     
22.9 gethanol.gcat-1.h-1 was fed into the reactor for 
1 h before sampling the first product. Then, the 
effluent was collected every 1 h for 10 h. Efflu-
ents were analyzed with the same method as 
mentioned before. 
 
3. Results and Discussion 
3.1 Catalyst Characterization 
Table 1 shows the BET surface areas, pore 
volume and pore size diameter of activated car-
bons prepared from ZnCl2 activation observed 
at different conditions of physical activation. 
The structural parameters obtained from the 
N2 adsorption-desorption are summarized in 
Table 1. Data are tabulated for BET area, total 
pore volume, micropore volume, average pore 
width, and the ratio of micropore volume to to-
tal pore volume (% microporosity). It is quite 
evident that the AC-B (chemically activated 
only) sample exhibited the lowest surface area 
among other samples. Thus, a subsequent 
physical activation process was necessary to 
improve the textural characteristics [10]. Of 
the two chemically and physically activated 
samples, AC-C and AC-D exhibited high sur-
face area, but AC-D showed the highest mi-
cropore volume of all samples.  The micropore 
volume accounts for nearly 100% of the total 
pore volume of the sample [10]. 
The most common procedure for determin-
ing the structure of porosity and specific sur-
face area of catalysts is the adsorption-
desorption of liquid nitrogen at -196 °C. Figure 
1 shows the N2 adsorption-desorption iso-
therms of the activated carbons derived coffee 
ground residues prepared by different activa-
tion conditions. All catalysts exhibit a combina-
tion of Type-I and Type-IV isotherms [20], 
which usually represent the presence of both 
microporous initial relative pressure range, 
displaying that all catalysts present mi-
croporous structure. Furthermore, all catalysts 
also represent similar isotherm with hysteresis 
loop (between the adsorption and desorption 
isotherm) at high relative pressure (P/Po>0.4), 
indicating the formation of mesoporous struc-
ture [21-22]. Consequently, all catalysts are 
composed of both microporous and mesoporous 
structure. Of the two chemically and physically 
Activated 
carbons 
AC-B AC-A AC-C AC-D 
SBET (m2/g) 797 967 1,045 1,037 
Vt (cm3/g) 0.47 0.59 0.64 0.49 
Vmic (cm3/g) 0.36 0.43 0.42 0.49 
% Vmic 76.7 72.7 65.3 100 
Dp (nm) 2.4 2.4 2.4 1.9 
Table 1. Pore characteristics for activated car-
bons 
SBET: BET surface area; Vt: total pore volume; Vmic: 
micropore volume; %Vmic, (Vmic/Vt)×100; Dp, average 
pore diameter calculated as 4V/A by BET 
Figure 1. Adsorption-desorption isotherm at -
196 ºC of activated carbons at different activation 
conditions 
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activated samples (AC-C sample) shows the 
highest nitrogen adsorption capacity, which re-
lates to high pore volume in Table 1. In addi-
tion, the activated carbon (AC-D) has a main 
Type-I isotherm associating with origination of 
complete micropore structure [23] in Table 1. 
The NH3-TPD can be used to examine the 
total acidity of the catalysts as also shown in 
Table 2. The NH3-TPD profiles are also shown 
in Figure 2 indicating that all catalysts mainly 
contained strong acid. The total acidity of acti-
vated carbons, which is in the order from the 
greatest to the least as following: AC-D > AC-C 
> AC-A > AC-B > AC-COM. It notices that AC-
D sample exhibits the highest total acid densi-
ty, which is 647 µmol/g.  The CO2-TPD was 
used to investigate the total basicity of the cat-
alysts. The CO2-TPD profiles are also shown in 
Figure 3 indicating that all catalysts mainly 
contained strong base. The results as also seen 
in Table 2 show that AC-B catalyst has the 
greatest basicity followed by AC-D, which is 
shown high value of both acidity and basicity. 
The order of the total basicity is shown as fol-
lowed: AC-C > AC-A > AC-COM. The results of 
catalytic performance of all activated carbon 
catalysts toward the dehydrogenation of etha-
nol under steady-state conditions are presented 
in Table 4 and depicted in Figure 9. 
Figure 4 shows XRD patterns of activated 
carbon catalysts prepared by various activation 
methods. In all samples, there are broad dif-
fraction peak around 2θ = 22.5°, which can be 
denoted as amorphous carbon composed of aro-
matic carbon sheets [24]. In addition, broad dif-
fraction peak around 2θ = 45° is defined as 
graphite structure. The morphologies of acti-
vated carbons are shown in Figure 5. Consider-
ing all activated carbons from chemical activa-
tion by ZnCl2, the activation process resulted in 
a substantial removal of inorganic material 
that can be seen in the micrographs [8] and all 
of activated carbons show the same morpholo-
gy. In addition, it is clearly seen that the peaks 
Activated 
carbons 
Total aciditya 
(µmol/g) 
Total basicityb 
(µmol/g) 
AC-A 450.27 15.01 
AC-B 602.15 10.48 
AC-C 617.04 11.34 
AC-D 646.82 13.70 
AC-COM 132.97 7.83 
Table 2. Total acidity and total basicity of acti-
vated carbons 
a NH3-TPD 
b CO2-TPD 
Figure 2. NH3-TPD profiles of activated carbons 
Figure 3. CO2-TPD profiles of activated carbons 
Figure 4.  XRD patterns of activated carbons 
and coffee residue  
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Figure 5.  Scanning electron micrographs of activated carbons 
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Catalysts Assignment Remark Wave number (cm-1) 
  
AC-A 
O–H stretching 
Hydroxyl group as alcohol / phe-
nol 
3328 
C≡C Alkyne groups 2361 
C≡C Alkyne groups 2160 
C=C asymmetric 
stretch 
Alkene groups 2025 
C=C asymmetric 
stretch 
Alkene groups 1976 
C=O stretching Carboxylic acids 1740 
C–O Esters, ether or phenol groups 973 
C–H Benzene derivates 744 
C–Cl Alkyl Halide 709 
O–H Hydroxyl group 657 
AC-B 
O–H stretching Ethers 3266 
C–H stretching With carbon surface 2970 
C≡C Alkyne groups 2361 
C≡C Alkyne groups 2160 
C=C asymmetric 
stretch 
Alkene groups 2025 
C=C asymmetric 
stretch 
Alkene groups 1975 
C=O stretching Carboxylic acids 1743 
C=C Aromatics group 1511 
C–O Esters, ether or phenol groups 1013 
C–H Benzene derivates 743 
C–Cl Alkyl Halide 709 
O–H Hydroxyl group 656 
AC-C 
O–H stretching Hydroxyl group as alcohol 3745 
C–H stretching With carbon surface 2968 
C≡C Alkyne groups 2161 
C=C asymmetric 
stretch 
Alkene groups 2025 
C=C asymmetric 
stretch 
Alkene groups 1975 
C=O stretching Carboxylic acids 1741 
C=C Aromatics group 1513 
C–H Alkanes, alkyl groups 1456 
C–O Carboxylate group 1365 
C–O Esters, ether or phenol groups 1013 
C–Cl Alkyl Halide 712 
Table 3. Functional group of activated carbons [26-29] 
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Catalysts Assignment Remark Wave number (cm-1)   
AC-D 
O–H stretching Hydroxyl group as alcohol 3746 
C–H stretching With carbon surface 2970 
C≡C Alkyne groups 2362 
C≡C Alkyne groups 2160 
C=C asymmetric 
stretch 
Alkene groups 2024 
C=C asymmetric 
stretch 
Alkene groups 1976 
C=C Carbonyl group 1741 
C–O Carboxylate group 1365 
C–O Esters, ether or phenol groups 1206 
C–O Esters, ether or phenol groups 1006 
C–H Benzene derivates 740 
O–H Hydroxyl group 656 
AC-COM 
O–H stretching Ethers 3564   
C≡C Alkyne groups 2161   
C=C asymmetric 
stretch 
Alkene groups 2026   
C=O stretching Carboxylic acids 1734   
C–O Carboxylate group 1366   
C–O Esters, ether or phenol groups 1214   
C–H Benzene derivates 775   
C–Cl Alkyl Halide 713   
Table 3. Functional group of activated carbons [26-29] (continued) 
Figure 6. Scanning electron micrographs of spent AC-D catalyst after ethanol dehydrogenation  
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located at 2θ = 31-38°, 47°, 56°, 62°, and 67-69° 
were remained. This shows that when larger 
particles are sieved out, the remaining small 
particles are the mixture of amorphous and a 
small amount of graphitize carbon [25]. 
The FT-IR is the common technique to ex-
amine the chemical structure of activated car-
bon as oxygen functional groups. Figure 7 
shows FT-IR spectra of activated carbon de-
rived from coffee found residues with different 
methods of activations. Details of functional 
group assignment are illustrated in Table 3. 
All catalysts show band in range of 600-3800 
cm-1. The broad band located around 3328 cm-1 
could be attributed to the O–H stretching vi-
bration of hydroxyl group as alcohols and phe-
nol or/and hydrogen bonded-OH group as water 
molecule. The band at 2970 cm-1 is related to 
C–H interaction with carbon surface. The 
sharp bands located at 2361 cm-1 are attributed 
to the C≡C stretching vibration of alkyne 
group. There is the shape band at 1742 cm-1, 
which can be denoted as  stretching C=O of 
carbonyl groups. Previously, Shafeeyan et al. 
[26] claimed that the IR band around 1720-
1750 cm-1 is ascribed to the C=O stretching of 
carboxylic acids. The region around 1364 and 
1212 cm-1 may relate to C–O stretching vibra-
tion from ethers [26]. In fact, carboxyl, anhy-
dride and lactone are acidic, while phenol, car-
bonyl, quinine, and ether are neutral or weak 
Figure 7. FTIR spectra of activated carbons  
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acid. Consequently, the presence of oxygen sur-
face functional group may be associated with 
the total acidity. It appears that the result from 
IR spectra is consistent with the total acid den-
sity obtained using NH3-TPD method [30]. 
The results of thermogravimetric analysis of 
activated carbons are presented in Figure 8. 
The mass loss during the thermogravimetric 
analysis can be divided into stages [8]. The ini-
tial mass loss for temperature up to 200 °C can 
be attributed to moisture elimination. The sec-
ond stage is found at 200-300 °C range indicat-
ing the volatilization of organic materials. The 
third stage was found in the 300-600 °C range 
that may be attributed to further thermal de-
composition of organic materials. Above 600 
°C, the mass loss is likely attributed to the re-
action between the activating agent and carbo-
naceous residue. These results are also in 
agreement with other researchers [8]. 
 
3.2 Dehydrogenation of Ethanol 
Considering the reaction study, Figure 9 
represents the steady state conversion of etha-
nol for each temperature on the activated car-
bon catalysts derived from coffee ground resi-
dues with different activation methods. In ad-
dition, ethanol conversion and acetaldehyde 
yield for all catalysts are shown in Table 4.  As 
expected, ethanol conversion increases with in-
creasing the reaction temperature because of 
its endothermic reaction. According to the liter-
ature, ethanol decomposition leads to ethylene 
and diethyl ether by dehydration process and 
acetaldehyde by dehydrogenation process. The 
reaction of dehydrogenation takes place in a 
simultaneous presence of Lewis base and acid 
center, while that of dehydration involves only 
acid center [24]. In order to better understand 
the dehydrogenation process, the mechanism of 
ethanol to acetaldehyde by Lewis acid and 
Figure 8. Thermal analysis of fresh activated carbons and spent AC-D catalyst  
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Samples Temperatures (ºC) C2H5OH conversion (%) CH3CHO yield (%) 
AC-A 
250 0.2 0.2 
300 0.8 0.8 
350 8.1 7.9 
400 32.3 31.7 
AC-B 
250 0.8 0.8 
300 4.5 4.4 
350 15.5 14.9 
400 27.8 26.8 
AC-C 
250 0.5 0.5 
300 3.8 3.0 
350 10.4 10.1 
400 26.4 25.7 
AC-D 
250 0.4 0.4 
300 2.8 2.7 
350 16.0 15.8 
400 47.9 46.8 
AC-COM 
250 1.3 1.2 
300 3.2 2.9 
350 4.5 4.3 
400 4.6 4.4 
Table 4. Ethanol conversion and acetaldehyde yield for all catalysts 
Scheme 1. Mechanism of ethanol to acetaldehyde by Lewis acid and Lewis base sites on activated 
carbon catalyst 
 Bulletin of Chemical Reaction Engineering & Catalysis, 14 (2), 2019, 279 
Copyright © 2019, BCREC, ISSN 1978-2993 
Lewis base sites on activated carbon catalyst is 
illustrated in Scheme 1. Results of the catalytic 
reaction test in this study ensured that all acti-
vated carbons acted as catalysts of ethanol de-
hydrogenation, but in different activity.  For all 
temperature (250-400 °C), it is obviously seen 
that the AC-D catalyst shows the highest activ-
ity among other catalysts. Especially at tem-
perature of 400 °C, the AC-D catalyst shows 
ethanol conversion about 48%, while other cat-
alysts (AC-A, AC-B, and AC-C) display lower 
ethanol conversion about 26-32%, whereas AC-
COM catalyst shows the lowest ethanol conver-
sion only 4%.  
According to total acidity and total basicity 
results, it reveals that the AC-D catalyst has 
the highest total acidity (647 µmol/g) and high 
basicity (14 µmol/g). Therefore, this confirms 
that dehydrogenation of ethanol is dependent 
on both of acidity and basicity. The result 
agrees with the previous wok of Carrasco-
Marin F. et al. [31], who reported that ethanol 
conversion increased with rise in the total sur-
face acidity and basicity of unoxidised carbon 
and carbon prepared by oxidizing treatment 
with (NH4)2S2O8. It should be noted that all 
synthesized activated carbon catalysts exhibit 
the selectivity of acetaldehyde more than 96% 
without significant side reactions. It is also evi-
dent from Jasinska et al. [24], who claimed that 
chlorinated carbon catalysts showed greater 
domination of the process of dehydrogenation 
over dehydration than the oxidised carbon sam-
ples. In addition, Perez-Cadenas et al. [32] 
claimed that chlorination leads to increased 
acidity of Lewis acid centres on the activated 
carbon, but on the other hand, it reduces acidi-
ty of the Bronsted centres. The comparison of 
catalytic performance of catalysts in this work 
and other catalysts is summarized in Table 5, 
which shows that this catalyst is quite promis-
ing among other previous catalysts. 
Finally, the stability test of the best catalyst 
(AC-D) under time on steam of 10 h was also 
performed at the reaction temperature of 400 
ºC. The stability result is shown in Figure 10. 
The ethanol conversion is fairly constant with-
in 8 h of reaction. After 8 h, the ethanol conver-
sion gradually decreased because of perhaps 
coke formation or pore blockage as shown in 
Figure 6 of the spent catalyst. The morphology 
of spent AC-D catalyst after reaction is shown 
in Figure 6. Some pores of this catalyst were 
lacerated because of the thermal destruction by 
long time reaction. In addition, thermal analy-
Catalysts Source 
Surface area 
(m2/g) 
Reaction tem-
perature (ºC) 
Ethanol 
conversion 
(%) 
Acetaldehyde 
yield (%) 
Refs 
AC-D Coffee residue 1,037 400 47.9 46.8 
This 
work 
K/Cl2/4h/723K 
Polish brown 
coal 
2,374 477 - 75 [20] 
AZ46-24 Olive stones 810 180 16.0 3.2 [31] 
MoO3/CMS 
Carbon molecu-
lar sieve 
- 230 100 85 [33] 
C-Ni 
Polymeric car-
bon 
- 260 - 1 
[34] 
  
CNT-AO 
Carbon nano-
materials 
193 300 58.8 57.0 [35] 
50Al/BC-TD 
Bacterial cellu-
lose 
10.50 400 66.4 8.4 [36] 
Table 5. Comparison of carbon catalysts for ethanol dehydrogenation and their catalytic ability 
Figure 9. Ethanol conversion and acetalde-
hyde yield of activated carbon catalysts for 
ethanol dehydrogenation  
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sis of the spent catalyst was performed as seen 
in Figure 8. The weight loss in other tempera-
ture ranges possibly came from desorption of 
other carbon compounds such as coke deposi-
tion and the adsorbed products, which was cor-
responding to the result of stability test as 
mentioned above. Moreover, the remained Cl 
on surface of spent catalyst (0.065 wt%)  appar-
ently decreased from fresh catalyst (3.66 wt%) 
due to the decomposition of HCl from the reac-
tion between ZnCl2 with H2O [37] relating to 
TGA result in the decomposition temperature 
between 200 to 400 °C. 
 
4. Conclusions 
The study revealed that the synthesized ac-
tivated carbon from coffee ground residues with 
chemical activated by ZnCl2 followed by physi-
cal activated under carbon dioxide flow at 600 
°C for 4 hours (AC-D), exhibited the highest ac-
tivity with 48% conversion of ethanol and 47% 
yield of acetaldehyde at 400 °C. The activation 
with ZnCl2 followed by CO2 at 600 °C for 4 h 
apparently resulted in increased acid and basic 
sites. The increase in the amount of Lewis acid 
and basic sites leads to enhance catalytic activ-
ity of ethanol dehydrogenation. All activated 
carbon catalysts in this study show very high 
selectivity to acetaldehyde (more than 90%), 
which is quite promising compared to other ac-
tivated carbon catalysts, which have significant 
side reactions. In addition, the synthesized ac-
tivated carbon from coffee ground residues has 
an acceptable stability showing quite constant 
ethanol conversion under specified condition. 
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